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Abstract 
Background: Ventilator dependency following coronary artery bypass grafting (CABG) is 
often associated with significant morbidity and mortality. However, few reports have focused 
on the independent risk factors for ventilator dependency following CABG. This study aimed 
to evaluate the independent risk factors for ventilator dependency following coronary artery 
bypass grafting (CABG). Methods: The relevant pre-, intra- and post-operative data of pa-
tients without a history of chronic obstructive pulmonary disease undergoing isolated CABG 
from January 2003 to December 2008 in our center were retrospectively analyzed. Elapsed 
time between CABG and extubation of more than 48 hours was defined as postoperative 
ventilator dependency (PVD). Results: The incidence of PVD was 13.8% (81/588). The 
in-hospital mortality in the PVD group was significantly higher than that in the non-PVD group 
(8.6% versus 2.4%, p=0.0092). Besides the length of ICU and hospital stay, PVD correlated 
with negative respiratory outcomes. The independent risk factors for PVD were preoperative 
congestive  heart  failure  (OR=2.456,  95%CI  1.426-6.879),  preoperative  hypoalbuminemia 
(OR=1.353,  95%CI  1.125-3.232),  preoperative  arterial  oxygen  partial  pressure  (PO2) 
(OR=0.462, 95%CI 0.235-0.783) and postoperative anaemia (OR=1.541, 95%CI 1.231-3.783). 
Conclusions:  Preoperative congestive heart failure, preoperative hypoalbuminemia, low 
preoperative PO2 and postoperative anaemia were identified as four independent risk factors 
for ventilator dependency following CABG. 
Key words: Coronary artery bypass grafting; ventilator dependency; risk factor. 
Introduction 
Ventilator  dependency  following  coronary  ar-
tery bypass grafting (CABG) is often associated with 
significant  morbidity  and  mortality  [1,  2].  Previous 
studies have reviewed the concept that ventilator de-
pendency  following  heart  surgery  results  from  a 
combination of risk factors, partly due to the nature of 
the  patient  population  and  partly  to  the  process  of 
patient care [1, 2]. However, few reports have focused 
on  the  independent  risk  factors  for  ventilator  de-
pendency following CABG. The purpose of this study 
was  to  evaluate  the  independent  risk  factors  for 
postoperative ventilator dependency (PVD), in order 
to prevent and treat ventilator dependency following 
CABG. 
Materials and methods 
Patients 
From  January  2003  and  December  2008,  588 
consecutive patients (471 males and 117 females, with 
Ivyspring  
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a mean age of 66.3 ± 6.9 years) suffering from coro-
nary artery disease without a history of chronic ob-
structive  pulmonary  disease  underwent  isolated 
CABG. Coronary artery angiography revealed double 
vessel disease in 34 patients and triple vessel disease 
in 554 patients. All patients underwent fast-track an-
esthesia  (anesthesia  was  induced  with  midazolam 
(2-3mg),  fentanyl  (0.2mg),  propofol  (0.5-1.5mg/kg) 
and vecuronium and maintained with isoflurane and 
continuous  infusion  of  propofol  (2  to  5mg/kg/h); 
0.1-0.2mg  fentanyl  was  intravenously  administered 
before  skin  incision,  sternotomy,  aortic  cannulation 
and  initiation  of  cardiopulmonary  bypass,  respec-
tively; total amount of fentanyl was less than 15μg/kg 
during operation). 66.3% (n=390) of patients received 
CABG  without cardiopulmonary bypass (CPB). The 
remaining patients (n=198) received cardioplegic ar-
rest  CABG.  The  number  of  bypass  conduit  ranged 
from  2  to  5  (mean  3.2  per  patient).  Left  internal 
mammary artery was used as a bypass conduit in 548 
(93.2%) patients, radial artery in 386 (65.6%) patients 
and  great  saphenous  vein  graft  in  534  (90.8%)  pa-
tients. This study protocol was approved by the ethics 
committee  of  Tongji  University  and  was  consistent 
with the spirit of the Declaration of Helsinki. 
Criteria for extubation and definition of post-
operative ventilator dependency 
Criteria for extubation  [3] included an alert and 
hemodynamically  stable  patient  with  no  excessive 
bleeding, ability of the patient to breathe through a T 
tube for at least 30 minutes with a fraction of inspired 
oxygen of less than 0.40 and a respiratory rate less 
than  25  breaths/min,  an  arterial  blood  PO2  greater 
than 70mmHg, a PCO2 less than 40mmHg and a pH 
greater than 7.35, with no metabolic acidosis. Other 
criteria  included  a  tidal  volume  of  6ml/kg,  a  peak 
negative inspiratory pressure of less than -20cmH2O 
and a mandatory chest radiograph before extubation 
to rule out pneumothorax, pleural effusion and ate-
lectasis. 
With  reference  to  previous  reports  where  48 
hours  was  taken  as  a  cut  off  point  to  discriminate 
whether PVD or not [1, 2], we used the same criterion in 
this study to describe PVD, that is elapsed time be-
tween CABG and extubation of more than 48 hours 
was  defined  as  ventilator  dependency  following 
CABG. 
Methods 
From January 2003 to December 2008, the charts 
of all patients without a history of chronic obstructive 
pulmonary disease undergoing isolated CABG in our 
medical center were reviewed. The relevant pre-, in-
tra-  and  post-operative  data  of  all  selected  patients 
were investigated and retrospectively analyzed. Pre-
operative data included age, gender, body mass index 
(BMI),  recent  smoking  (within  4  weeks  of  surgery), 
diabetes mellitus (the need for oral medication or in-
sulin prior to CABG), hypertension, renal dysfunction 
(creatinine more than 2.5mg/dl or requiring dialysis), 
prior  cerebro-vascular  accident,  recent  myocardial 
infarction (MI) (evidence of MI within the last 30 days 
before surgery), preoperative congestive heart failure 
(New York Heart Association  (NYHA) class III and 
IV), prior heart operation, extent of coronary artery 
disease, left main trunk disease,  left ventricular an-
eurysm, left ventricular ejection fraction (LVEF), left 
ventricular end-diastolic diameter (LVEDD), PO2 and 
hypoalbuminemia (serum albumin less than 30g/L). 
Intraoperative  data  included  emergent  operation, 
type of procedure (CABG with or without CPB), CPB 
time,  aortic  cross  clamping  (ACC)  time,  number  of 
grafts and operation time. Postoperative information 
included hypoxemia, pulmonary hypertension (mean 
pulmonary  arterial  pressure  exceeding  30mmHg), 
low  cardiac  output  syndrome,  acute  myocardial  in-
farction  (AMI)  (new  Q-wave  infarction  within  48h 
after  surgery),  requirement  of  intra-aortic  balloon 
pump  (IABP),  atrial  fibrillation,  ventricular  fibrilla-
tion,  acute  renal  failure  (creatinine  more  than  2.5 
mg/dl over 7 days or requiring dialysis), stroke (new 
permanent  neurological  event),  bleeding  requiring 
re-exploration  (re-operation  to  control  bleeding 
within 36h following initial surgery) and postopera-
tive anaemia (haematocrit less than 34%) [3-6]. 
Hemodynamic  parameters  were  monitored  in-
tra-  and  post-operatively  by  Swan-Ganz  catheter 
(Arrow International, Inc. USA). Arterial oxygen par-
tial  pressure  (PaO2)  was  measured  pre-,  intra-  and 
post-operatively by blood gas analyzer (I-STAT Cor-
poration, USA). Left ventricular ejection fraction and 
left ventricular end-diastolic diameter were measured 
preoperatively by Doppler-Ultrasound (GE VIVID 7, 
USA). 
Statistical analysis 
Statistical  analysis  was  performed  using  the 
SPSS13.0  statistical  software  package.  All  p  values 
<0.05  were  considered  to  be  statistically  significant. 
Univariate analysis, using the unpaired t-test or t’-test 
according  to  homogeneity  test  for  variance  to  com-
pare  measurement  data  and  chi-square  or  Fisher's 
exact  test  to  compare  enumeration  data,  was  per-
formed to assess statistically significant variables, and 
those  with  p<0.10  were  then  entered  into  a  logistic 
regression  analysis  to  identify  the  independent  risk 
factors for postoperative ventilator dependency. The Int. J. Med. Sci. 2012, 9 
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Hosmer-Lemeshow  goodness  of  fit  coefficient  was 
computed for the regression model. 
Results 
Five hundred and  eighty-eight consecutive pa-
tients  without  a  history  of  chronic  obstructive  pul-
monary disease who underwent isolated CABG were 
entered  into  this  study.  Overall  mean  Euro-SCORE 
(European system for cardiac operative risk evalua-
tion  [7])  was 4.7±1.6. The mean intubation  time was 
16.1 ± 4.9 hours. Among them, 81 patients accounting 
for 13.8% of the total population were extubated be-
yond 48 hours after CABG and were included in the 
PVD group.  
Complications  after  extubation,  the  length  of 
ICU and hospital stay and in-hospital mortality  are 
shown  in  Table  1.  There were  no  significant  differ-
ences in the incidence of most complications, except 
for pneumonia and pulmonary atelectasis. Patients in 
the PVD group had longer length of ICU and hospital 
stay and higher in-hospital mortality. 
Results of the univariate analysis are shown in 
Table 2. It can be observed that preoperative hyper-
tension,  preoperative  congestive  heart  failure,  pre-
operative  LVEF, preoperative PO2, preoperative hy-
poalbuminemia, duration of CPB, postoperative hy-
poxemia,  postoperative  pulmonary  hypertension, 
postoperative low cardiac output syndrome, postop-
erative IABP requirement, postoperative atrial fibril-
lation, postoperative ARF and postoperative anaemia 
were  relative  risk  factors  for  ventilator  dependency 
following CABG. 
 
Table 1. Comparison of morbidities and mortality be-
tween the two groups. 
  PVD (n=81)  Non-PVD 
(n=507) 
p value 
Re-intubation or tracheotomy  3(3.7%)  5(1.0%)  0.0843 
Pneumonia  15(18.5%)  38(7.5%)  0.0030 
Pulmonary atelectasis  9(11.1%)  12(2.4%)  0.0008 
LCOS  6(7.4%)  16(3.2%)  0.1040 
Atrial fibrillation  15(18.5%)  58(11.4%)  0.0999 
Ventricular fibrillation  1(1.2%)  1(0.2%)  0.2567 
AMI  1(1.2%)  0  0.1378 
ARF  1(1.2%)  3(0.6%)  0.4482 
Stroke  3(3.7%)  5(1.0%)  0.0843 
ICU stay (days)  4.56±0.85  2.85±0.53  <0.0001 
Hospital stay (days)  13.28±3.14  8.13±1.58  <0.0001 
In-hospital mortality  7(8.6%)  12(2.4%)  0.0092 
PVD: postoperative ventilator dependency; LCOS: low cardiac 
output syndrome; AMI: acute myocardial infarction; ARF: acute 
renal failure; ICU: intensive care unit. 
 
Table 2. Comparison of pre-, intra- and post-operative 
data between the two groups. 
Factors  PVD 
(n=81) 
Non-PVD 
(n=507) 
p value 
Preoperation       
  Age (years)  66.9±8.6  66.2±6.6  0.40 
  Age over 65 years old  54(66.7%)  312(61.5%)  0.39 
  Female  19(23.5%)  98(19.3%)  0.37 
  BMI (kg/m2)  26.2±2.6  25.8±1.7  0.07 
  Recent smoking  40(49.4%)  198(39.1%)  0.09 
  Diabetes mellitus   20(24.7%)  118(23.3%)  0.67 
  Hypertension  39(48.1%)  165(32.5%)  0.01 
  Renal dysfunction  7(8.6%)  20(3.9%)  0.08 
  Cerebrovascular disease  25(30.9%)  132(26.0%)  0.42 
  Recent MI  10(12.3%)  48(9.5%)  0.42 
    Prior heart operation  3(3.7%)  7(1.4%)  0.15 
  Congestive heart failure  52(64.2%)  223(44.0%)  0.0008 
  Triple vessel disease  78(96.3%)  476(93.9%)  0.61 
  Left main trunk disease  25(30.9%)  118(23.3%)  0.16 
  Left ventricular aneurysm   10(12.3%)  48(9.5%)  0.42 
  LVEF  0.51±0.10  0.54±0.06  0.0002 
  Preoperative LVEDD (mm)  52.9±7.6  52.3±4.2  0.30 
  Preoperative PO2 (mmHg)  74.4±8.3  77.8±6.2  <0.0001 
  Hypoalbuminemia  18(22.2%)  41(8.1%)  0.0004 
Intra-operation       
  Emergency surgery   6(7.4%)  21(4.1%)  0.25 
  Use of CPB   32(39.5%)  178(15.4%)  0.46 
  CPB (min)  113.8±19.2  106.8±15.3  0.02 
  ACC (min)  70.2±12.4  67.1±9.2  0.10 
  Mean number of grafts  3.2±0.8  3.2±0.6  1.00 
  Operation time (min)  268.1±68.6  256.5±47.6  0.06 
Post-operation (before extu-
bation)  
           
  Hypoxemia  36(44.4%)  135(26.6%)  0.0015 
  Pulmonary hypertension  38(46.9%)  97(19.1%)  <0.0001 
  LCOS  24(29.6%)  31(6.1%)  <0.0001 
  AMI  1(1.2%)  2(0.4%)  0.36 
  IABP requirement  31(38.3%)  46(9.1%)  <0.0001 
  Atrial fibrillation  38(46.9%)  167(32.9%)  0.02 
  Ventricular fibrillation  1(1.2%)  3(0.6%)  0.45 
  ARF  10(12.3%)  29(5.7%)  0.05 
  Stroke  5(6.2%)  17(3.4%)  0.21 
  Re-operation for bleeding  6(7.4%)  28(5.5%)  0.45 
  Anaemia  48(59.3%)  187(36.9%)  0.0002 
PVD: postoperative ventilator dependency; BMI: body mass index; 
COPD: chronic obstructive pulmonary disease; MI: myocardial 
infarction; LVEF: left ventricular ejection fraction; LVEDD: left 
ventricular end-diastolic diameter; PO2: arterial partial pressure of 
oxygen; CPB: cardiopulmonary bypass; ACC: aortic cross clamping; 
LCOS: low cardiac output syndrome; AMI: acute myocardial in-
farction; IABP: intra-aortic balloon bump; ARF: acute renal failure. 
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Those  variables  with  p<0.10  obtained  through 
the univariate analysis were then entered into multi-
variate  logistic  regression  analysis  (PVD  or  not  as 
independent variable, variables with p<0.10 obtained 
through univariate analysis as dependent variables). 
As  shown  in  Table  3,  independent  risk  factors  for 
ventilator  dependency  following  CABG  included 
preoperative  PO2  (OR=0.462,  95%CI  0.235-0.783), 
preoperative  congestive  heart  failure  (OR=2.456, 
95%CI  1.426-6.879),  preoperative  hypoalbuminemia 
(OR=1.353,  95%CI  1.125-3.232)  and  postoperative 
anaemia  (OR=1.541,  95%CI  1.231-3.783).  The  Hos-
mer-Lemeshow  goodness  of  fit  coefficient  of  this 
model was 0. 916. 
 
 
Table 3. Independent risk factors for PVD through mul-
tivariate logistic regression analysis. 
Predictors  OR  95%CI  p 
value 
Preoperative PO2  0.462  0.235-0.783  0.001 
Preoperative congestive heart 
failure 
2.456  1.426-6.879  0.003 
Postoperative anaemia  1.541  1.231-3.783  0.012 
Preoperative hypoalbuminemia  1.353  1.125-3.232  0.025 
The Hosmer-Lemeshow goodness of fit coefficient of this model was 
0. 916. PVD: postoperative ventilator dependency; OR: odds ratio; 
CI: confidence interval; PO2: arterial partial pressure of oxygen. 
 
 
Discussion 
Besides the length of ICU and hospital stay, PVD 
correlated with negative respiratory outcomes in this 
study. Although there were no significant differences 
in the incidence of re-intubation or tracheotomy be-
tween  the  two  groups,  ventilator  dependency  fol-
lowing CABG led to a higher incidence of pneumonia 
and pulmonary atelectasis. The fact that there was no 
significant difference in the incidence of re-intubation 
or tracheotomy between the two groups could be re-
lated to the small ‘absolute value’ (3 in the PVD group 
versus 5 in the non-PVD group); the latter probably 
resulted  from  the  limited  sample  size.  In  addition, 
in-hospital  mortality in the PVD group  was signifi-
cantly higher than that in the non-PVD group, which 
indicated that longer ventilation support was associ-
ated with significant respiratory morbidity and mor-
tality. 
Improvement in cardiopulmonary performance, 
shorter ICU and hospital stay as well as reduction in 
costs  could  be  achieved  when  cardiac  surgical  pa-
tients were weaned from mechanical ventilator at the 
appropriate  time  [8-12].On  the  contrary,  prolonged 
ventilation  support  could  have  contributed  to  in-
creased  morbidity,  mortality  and  cost  [13-14].  In  this 
study, 81 patients out of 588 patients were extubated 
beyond  48  hours  after  CABG,  with  an  incidence  of 
13.8%.  The  in-hospital  mortality  in  the  PVD  group 
was more than three times that in the non-PVD group 
(8.6% versus 2.4%, p=0.0092). So, it became crucial for 
clinicians to evaluate the independent risk factors for 
ventilator dependency following CABG. In this study, 
the  independent  risk  factors  for  ventilator  depend-
ency following CABG were identified as preoperative 
congestive  heart  failure,  preoperative  hypoalbu-
minemia,  low  preoperative  PO2  and  postoperative 
anaemia. The Hosmer-Lemeshow goodness of fit of the 
statistical model established in this study was 0. 916, 
indicating that the model matches the data very well, 
therefore the results are statistically very reliable. 
Preoperative  congestive  heart  failure  was  an 
important  risk  factor  for  ventilator  dependency  fol-
lowing  CABG.  Patients  suffering  from  preoperative 
congestive heart failure often had left atrial hyperten-
sion and pulmonary interstitial edema, which in turn 
could  have  resulted  in  a  change  in  the  pulmonary 
ventilation/blood flow ratio, thus resulting in post-
operative  hypoxemia  and  prolonged  ventilation 
support  [15-16].  Preoperative  congestive  heart  failure 
caused the lymph back to obstacle, pulmonary alveo-
lar edema occurred then, which in turn could have 
resulted  in  a  change  in  the  pulmonary  compliance, 
thus further aggravating respiratory dysfunction. So, 
patients suffering from preoperative congestive heart 
failure were prone to postoperative hypoxemia even 
postoperative acute respiratory distress syndrome. In 
addition,  respiratory  muscle  weakness  commonly 
occurred in patients with congestive heart failure and 
was an independent predictor of mortality [17]. Thus, 
proper preoperative management of congestive heart 
failure in CABG patients might contribute to reduce 
the incidence of postoperative ventilator dependency. 
Serum  albumin  concentration  can  be  of  use  in 
predicting  metabolism  and  nutritional  status  [18].  It 
was reported that serum albumin concentration was 
one of key reference index in the incidence of mor-
bidities and mortality [19]. In this study, preoperative 
hypoalbuminemia  seemed  to  be  an  important  risk 
factor  for  ventilator  dependency  following  CABG. 
Hypoalbuminemia could have damaged the respira-
tory  function,  decreased  the  thickness,  the  strength 
and  the  endurance  of  respiratory  muscles  and  im-
paired  the  immune  system.  In  addition,  hypoalbu-
minemia  reduced  the  colloid  osmotic  pressure,  re-
sulting in high incidences of pulmonary edema and 
hemodynamic instability. So, postoperative ventilator Int. J. Med. Sci. 2012, 9 
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dependency could have been possible. 
Low preoperative PO2 often suggested poor car-
diopulmonary function or severe chronic obstructive 
pulmonary disease in patients. After CABG, further 
depression  in  cardiopulmonary  function  was  ex-
pected in these patients who consequently were more 
prone  to  low  cardiac  output  and  postoperative  res-
piratory  failure,  thus  requiring  longer  ventilation 
support.  Therefore,  proper  perioperative  manage-
ment of cardiopulmonary dysfunction in CABG pa-
tients might contribute to shorten postoperative ven-
tilation support, and reduce the incidence of postop-
erative ventilator dependency. 
Postoperative anaemia seemed to be also an in-
dependent risk factor for ventilator dependency fol-
lowing CABG. Low postoperative hemoglobin level 
could have been related to poor oxygen transport. The 
lower  the  level  of  hemoglobin  after  operation,  the 
higher the need for blood transfusion, which in turn 
could  result  in  a  change  in  the  pulmonary  ventila-
tion/blood  flow  ratio  and  induction  of  pulmonary 
capillary embolism, thus further affecting respiratory 
functions.  Consequently,  postoperative  ventilator 
dependency could have been possible. Thus, meticu-
lous intraoperative hemostasis is recommended. 
Many studies have shown that older age was an 
independent  risk  factor  for  postoperative  ventilator 
dependency. However, there was no significant dif-
ference in the mean age between the PVD group and 
non-PVD group (66.9±8.6 years versus 66.2±6.6 years, 
p=0.40) in this study, and nearly similar proportion of 
elderly patients to total population between the PVD 
group and the non-PVD group (66.7% versus 61.5%, 
p=0.39) was shown in this study. This may be relative 
with more elderly patients included in this study. 
The retrospective nature and small sample size 
were the main limitations of this study. Another lim-
itation of this study was the lack of detailed respira-
tory function data. PO2 was measured preoperatively, 
but forced expiratory volume in 1 second (FEV1) and 
forced vital capacity (FVC) were not routinely meas-
ured before CABG in our center. 
In  conclusion,  preoperative  congestive  heart 
failure,  preoperative  hypoalbuminemia,  low  pre-
operative PO2 and postoperative anaemia were four 
independent  risk  factors  for  ventilator  dependency 
following  CABG.  Postoperative  ventilator  depend-
ency  may  be  avoided  by  reducing  intra-  and 
post-operative  hemorrhage  thus  maintaining  a  rea-
sonable postoperative hemoglobin level. The proper 
perioperative management of cardiopulmonary dys-
function  and  hypoalbuminemia  may  contribute  to-
wards reducing postoperative ventilator dependency 
and facilitate early extubation. 
Competing Interests 
The  authors  have  declared  that  no  competing 
interest exists. 
References 
1.  Sivak ED. Management of ventilator dependency following heart sur-
gery. Semin Thorac Cardiovasc Surg 1991; 3: 53-62. 
2.  Zingone B, Gatti G, Rauber E, et al. Early and late outcomes of cardiac 
surgery in octogenarians. Ann Thorac Surg 2009; 87:71-8. 
3.  Amram JC, Michael GK, George F, Benjamin M, Diklah G, Arie S. Mor-
bid results of prolonged intubation after coronary artery bypass surgery. 
Chest 2000; 118: 1724-31. 
4.  Filsoufi F, Rahmanian PB, Castillo JG, Mechanick JI, Sharma SK, Adams 
DH. Diabetes is not a risk factor for hospital mortality following con-
temporary coronary artery bypass grafting. Interact Cardiovasc Thorac 
Surg 2007; 6: 753-8. 
5.  Antunes PE, Prieto D, Ferrão de Oliveira J, Antunes MJ. Renal dysfunc-
tion after myocardial revascularization. Eur J Cardiothorac Surg 2004; 25: 
597-604. 
6.  Ji Q, Mei Y, Wang X, et al. Study on the risk factors of postoperative 
hypoxemia in patients undergoing coronary artery bypass grafting. Circ 
J 2008; 72: 1975-80. 
7.  Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow S, Salamon R. 
European  system  for  cardiac  operative  risk  evaluation  (EuroSCORE). 
Eur J Cardiothorac Surg 1999; 16: 9-13. 
8.  Hawkes CA, Dhileepan S, Foxcroft D. Early extubation for adult cardiac 
surgical patients. Cochrane Database Syst Rev 2003; 4: CD003587. 
9.  Reis J, Mota JC, Ponce P, Costa-Pereira A, Guerreiro M. Early extubation 
does not increase complication rates after coronary artery bypass graft 
surgery with cardiopulmonary bypass. Eur J Cardiothorac Surg 2002; 21: 
1026-30. 
10.  Rashid A, Sattar KA, Dar MI, Khan AB. Analyzing the outcome of early 
versus  prolonged  extubation  following  cardiac  surgery.  Ann  Thorac 
Cardiovasc Surg 2008; 14: 218-23. 
11.  Wong DT, Cheng DC, Kustra R, et al. Risk factors of delayed extubation, 
prolonged length of stay in the intensive care unit, and mortality in pa-
tients undergoing coronary artery bypass graft with fast-track cardiac 
anesthesia: a new cardiac risk score. Anesthesiology 1999; 91: 936-44. 
12.  Silbert BS, Santamaria JD, O'Brien JL, Blyth CM, Kelly WJ, Molnar RR. 
Early extubation following coronary artery bypass surgery: a prospec-
tive  randomized  controlled  trial.  The  Fast  Track  Cardiac  Care  Team. 
Chest 1998; 113: 1481-8. 
13.  Pappalardo F, Franco A, Landoni G, Cardano P, Zangrillo A, Alfieri O. 
Long-term outcome and quality of life of patients requiring prolonged 
mechanical ventilation after cardiac surgery. Eur J  Cardiothorac  Surg 
2004; 25: 548-52. 
14.  Serrano N, García C, Villegas J, et al. Epidemiological Project for ICU 
Research and Evaluation (EPICURE). Prolonged intubation rates after 
coronary artery bypass surgery and ICU risk stratification score. Chest 
2005; 128: 595-601. 
15.  Andreassen S, Rees SE, Kjaergaard S, et al. Hypoxemia after coronary 
bypass  surgery  modeled  by  resistance  to  oxygen  diffusion.  Crit  Care 
Med 1999; 27: 2445-53.  
16.  Kjaergaard  S,  Rees  SE,  Grønlund  J,  et  al.  Hypoxaemia  after  cardiac 
surgery: clinical application of a model of pulmonary gas exchange. Eur J 
Anaesthesiol 2004; 21: 296-301. 
17.  Van Hees HW, Li YP, Ottenheijm CA, et al. Proteasome inhibition im-
proves diaphragm function in congestive heart failure rats. Am J Physiol 
Lung Cell Mol Physiol 2008; 294: L1260-8. 
18.  Dubois MJ, Vincent JL. Use of albumin in the intensive care unit. Curr 
Opin Crit Care 2002; 8: 299-301. 
19.  Sung  J,  Bochicchio  GV,  Joshi  M,  et  al.  Admission  serum  albumin  is 
predicitve of outcome in critically ill trauma patients. Am Surg 2004; 70: 
1099-102. 